The aim of this systematic literature review is to describe the psychological consequences of predictive genetic testing. Five databases were searched for studies using standardised outcome measures and statistical comparison of groups. Studies were selected and coded by two independent researchers. From 899 abstracts, 15 papers, describing 11 data sets, met the selection criteria for the review. The studies were of predictive genetic testing for Huntington's disease, hereditary breast and ovarian cancer, familial adenomatous polyposis and spinocerebellar ataxia. One involved children; the rest were of adults. None of the 15 papers reported increased distress (general and situational distress, anxiety and depression) in carriers or non-carriers at any point during the 12 months after testing. Both carriers and non-carriers showed decreased distress after testing; this was greater and more rapid amongst non-carriers. Test result (ie being a carrier or non-carrier) was rarely predictive of distress more than one month after testing (predictive in two of 14 analyses). Pre-test emotional state was predictive of subsequent distress in 14 of 27 analyses. There is a lack of informative studies in this field. The studies reviewed suggest that those undergoing predictive genetic testing do not experience adverse psychological consequences. However, the studies are of self-selected populations who have agreed to participate in psychological studies and have been followed up for no more than three years. Most research has been of testing for Huntington's Disease and included follow-up of no more than one year. The results suggest that testing protocols should include a pre-test assessment of emotional state so that post-test counselling can be targeted at those more distressed before testing. None of the studies experimentally manipulated the amount or type of counselling provided. The relationship between counselling and emotional outcome is therefore unclear and awaits empirical study.
Introduction
Predictive genetic tests are being offered for an increasing number of conditions, including single gene conditions, such as Huntington's disease (HD), and multifactorial conditions such as hereditary cancers and familial hypercholesterlaemia. These tests are offered within a counselling protocol, but there are few data to inform how this should best be done. An important element in informing clinical practice is to understand the impact of undergoing predictive genetic tests upon emotional state, the way people think about themselves and upon behaviours that may help or hinder their health.
The aim of this systematic review is to summarise published, empirical data describing the emotional, cognitive and behavioural consequences of undergoing predictive genetic testing. This will provide a more precise estimate of these consequences than is possible from current reviews. This can form the basis of evaluating current practice as well as highlighting gaps and uncertainties in our knowledge, and hence the research questions that need to be addressed in subsequent research.
The review was of studies using standardised outcome measures. For this reason, qualitative studies were not included.
Method

Search strategy
Five databases were searched to identify articles (not dissertations or book chapters) which were published in the English language:
(a) Embase (Excerpta Medica, since 1990) search terms:
'genetic screening or genetic disorders or genetic risk or Huntington chorea (congenital, diagnosis, epidemiology)' and 'psychology or psychological aspect or emotional stress or medical psychology or depression or anxiety'; (e) Science Citation Index: citations of authors of two research groups producing early relevant papers (Tibben and colleagues in The Netherlands, and Wiggins and colleagues in Canada).
To validate results of this search strategy, we investigated whether six relevant references selected from a previous systematic review of risk assessment 1 were identified in the first three database searches. Medline identified all six, Embase found four of a possible four, and PsychInfo found two of a possible two (some journals were not included in the databases). There were two additional sources of papers: references cited in identified papers and seven key experts in the field.
Selection of eligible papers
Abstracts identified from the search strategies were judged for inclusion by MB and SM independently and discrepancies resolved through discussion. Full articles for included abstracts were independently coded for eligibility by the two raters using criteria specified below. There was discordance on two articles which were initially included but then excluded after discussion, giving 96% concordance.
Papers were excluded if they were:
(1) qualitative (case studies, no standardised outcome measures, and no statistical comparison of groups);
(2) studies of mediators of the outcomes of interest, such as information recall, knowledge or attitudes;
(3) studies of prenatal testing.
Information extraction
Information extraction sheets were piloted and used by MB and SM to code all articles independently. Any discrepancies were clarified through discussion.
Eligible papers
We identified 899 abstracts from five databases: 139 from Embase; 344 from Medline, 212 from Psychinfo, and 190 from Social Sciences Index. From these, the following eligible abstracts were identified: 24 from Embase, 26 from Medline, 3 from Psychinfo, 12 from Social Sciences Index, and 14 from Science Citation Index. Given overlap between databases, this produced a total of 43 papers. From the references of these papers, we identified a further seven abstracts all of which were ineligible. Finally, two 'in press' articles (since published) and one 'overlooked article' were obtained after consultation with experts. This gave a total of 46 potentially eligible papers.
Papers selected for review
On the basis of selection criteria described above, 15 of the 46 articles identified were included in the review (Table 1) . [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] Reasons for excluding the remaining papers were as follows: 10 were reviews, 17 46 One small sample, crosssectional study 47 was also excluded as it was preliminary to larger, prospective studies conducted by the same group. Design All studies employed prospective designs with a predisclosure baseline assessment and between one and four assessments post disclosure (Table 1) .
Results
Description of studies
Response and retention rates
Response rates to studies ranged from 66 to 99% at baseline for the six studies in which they were reported ( Table 2 ). Final retention rates ranged from 42% to 85% in the five studies reporting this information.
Participants Whilst all studies compared mutation carriers with non-carriers, three also assessed psychological consequences for decliners, and one study included those for whom no definitive test result was available ( Table 2 ). All papers concerned adults over 18 years (mean ages ranged from 32 to 43) with the exception of one which investigated genetic testing in children aged six to 16 years. 15 The proportion of women in the studies ranged from 44% to 80%, with one comprising women only. 12 Only five studies gave details of ethnicity of participants; four reported overwhelmingly white samples and one was of Japanese participants. 16 The number of families represented by participants ranged from one to 33 in the five studies that reported this.
Outcome measures All the consequences assessed in the review studies were of, or related to, emotion. These were depression (nine studies), state anxiety (four studies), general distress (four studies) and situational distress exhibited by intrusive thoughts and attempts to avoid these thoughts (three studies). Depression was measured by the Beck Depression Inventory (BDI), 48 the Beck Hopelessness Scale (BHS), 49 the Center for Epidemiological Studies Depression Scale (CESD-S), 50 the Social Desirability Scale (SDS), 51 subscale of the Minnesota Multiphasic Personality Inventory (MMPI), 52 for children, the Children's Depression Inventory (CDI), 53 and for adolescents, the Reynold's Adolescent Depression Scale (RADS). 54 Anxiety was measured by the state subscale of the State Trait Anxiety Inventory (STAI), 55 and for children, the Revised Children's Manifest Anxiety Scale (RCMAS). 56 General distress was measured by subscales of the revised Symptom Check List 90-R (SCL-90-R) 57 including the General Severity Index (GSI), the General Health Questionnaire In addition, measures for predictor variables included personality (subscales of the MMPI), coping (Utrechtse Coping List), 64 number of, and satisfaction with, supportive persons (subscales of the Social Support Questionnaire), 65 family functioning (Family Adaptability and Cohesion Evaluation Scales), 66 and loneliness (Loneliness Scale).
67
Results of studies Within group changes in emotion Five of the 11 studies investigated emotional change over time amongst carriers and non-carriers. In none of the 18 analyses did carriers show any change over the first six months following disclosure (Table 3) . At 12 months, two out of seven analyses revealed changes, with both showing a decrease in depression and general distress. Non-carriers, at all follow-up time points, showed either no change (12 analyses) or decreased depression, anxiety or distress (12 analyses) ( Table 4 ). In the one study of those who declined testing or for whom no test results were available, there was no change in depression or distress but a decrease in well-being after six and 12 months. 4 In all studies, emotional states remained within the normal ranges.
Between group changes in emotion Several studies investigated differences between carriers and non-carriers in the magnitude of emotional change following receipt of test results (Table 5) . Within the first month, five out of nine analyses showed a greater decrease in depression and general distress for non-carriers than for carriers. By six months, this was found in only one out of six analyses. No differences were found at 12 months (three analyses) or at three years (three analyses) in any emotional outcome measured.
Predictors of emotional consequences
There were insufficient data to draw any general conclusions about consequences within a month of testing. Variables predicting consequences more than one month after testing were investigated using multiple regressions, 3,7,10,11 logistic regressions, 10 random effects modelling, 2 non-parametric tests, 6 and parametric analyses of variance. 15 The two variables most often used to predict emotional consequences were test result and pre-test emotional state. (Table 6 ). The two exceptions found that being a carrier predicted distress;
(b) Pre-test emotional state was predictive of subsequent depression and situational distress in 14 out of 27 analyses (Table 6 ).
(c) A variety of other demographic and social variables have been investigated, as listed in Table 6 , but there were insufficient numbers of analyses to draw any conclusions.
Discussion
The results of this systematic review found a lack of informative studies in this field. Although there were some studies of emotional outcome, there were none reporting cognitive or behavioural outcomes meeting our review criteria. The studies reviewed found no evidence of abnormally high levels of, nor increases in, emotional distress in mutation carriers or non-carriers at any point during three years after predictive genetic testing. Both carriers and noncarriers showed decreased distress after testing, with this being greater and more rapid amongst non-carriers. Test result (ie being a carrier or non-carrier) was rarely predictive of distress more than one month after testing, in contrast with pre-test emotional state which was a stronger predictor. These results reflect studies that are of self-selected individuals. Many of the study samples were recruited from families on research registers during the early stages of the test being offered, sometimes following linkage studies requiring longterm commitment and family contact. There is some evidence that those coming forward for testing are more resourceful and emotionally more robust than others. One study found that those undergoing testing for HD had higher ego strength, were more socially extroverted, and had more positive coping strategies than the general population. 37 This is consistent with a study comparing those undergoing HD testing with untested members of an HD association that found the latter had a more pessimistic outlook on their futures. 43 It should also be noted that the majority of studies are of HD and there are insufficient studies of other conditions to ascertain the generalisability of these results. In addition, further response bias is caused by selective drop-out over time. The three year follow-up study reported by Tibben and colleagues 9 suggested that non-carriers who no longer saw HD as a problem in their lives were more likely to drop out of the study. This would have the effect of masking possible adverse effects. A further explanation for the lack of adverse psychological outcomes is that protective psychological mechanisms may be at work. Tibben and colleagues 9 suggest that the responses of carriers who continued in their study reflected denial, relief from uncertainty, or both. In addition, individuals from at risk families may have developed effective coping mechanisms. This is supported by research findings that those at high risk show less extreme emotional responses than the general population undergoing screening. 22 In reporting the results, overall means have been presented. Although some papers have identified sub-groups of people with high anxiety or depression, the lack of comparison amongst the 68 collected information about the frequency of catastrophic events (suicide, suicide attempt, or psychiatric hospitalisation) occurring after predictive testing for HD. The study found that 2% of identified carriers and 0.3% of noncarriers experienced a catastrophic event during follow-up. However, of those experiencing a catastrophic event within a year of testing, the majority were symptomatic for the disease at the time of the event, suggesting that the onset of HD is a contributing factor. Whilst those informed that they were carriers had a higher suicide rate than the general population, it was not higher than those generally symptomatic for HD. 69 This suggests that presymptomatic testing has not increased distress above levels generally found in those with HD.
To those unfamiliar with this area, it may be surprising that test results rarely predict emotional outcomes. Several factors seem to be influencing emotional consequences of testing: awareness of pre-test risk status, psychological coping mechanisms, sample selection and counselling. This may be because the psychological benefit of relief from uncertainty pertains to both carriers and non-carriers. 44 The difficulties posed by a change in self identity and relationships with other family members may also occur irrespective of test result. Another explanation for test result not predicting emotional outcome is the coping mechanisms that many individuals use in the face of a threat. One such mechanism is threat minimisation, whereby those facing a threat (eg a positive result) perceive it to be less serious than those not facing the threat. 70 The pattern of results in several studies are compatible with this type of coping. 44 This review detected no differences in the pattern of results across the two most commonly studied conditions, HD and HBOC, suggesting that the treatability of the condition is not a key factor in determining emotional responses. We consider the reliability of the findings from the studies of HD to be high, given their replication, sufficient numbers and follow-up. However, it is likely to be lower for HBOC because there were only two data sets and a short follow-up. Finally, the reliability of the findings for FAP and SCA is likely to be low since the first included children and the second was the only study to be carried out in Japan. A limitation of non-HD studies is that some of the samples are small and families tend to be represented by several members, reducing sample heterogeneity. Since the statistical power of some of these studies is low, the lack of differences cannot be considered to be a robust finding. Large international studies using standardised measures are needed to examine differences in psychological consequences of genetic testing across disease domains and testing environments. Some data identified in the process of this review could not be used since the results were presented for unaffected and affected people together [12] [13] [14] including one 46 which investigated the moderating effect of siblings' test results. Genetic information has implications for the families of those tested and, although beyond the scope of the review, data have been collected on the impact of testing for HD on untested partners, 6,9 children undergoing testing for FAP, 71 and parents of children tested for FAP. 15 The results of these studies pertain to the first three years after testing. It may be that carriers experience increased distress as they approach the likely onset of their condition. Prospective studies over longer time periods are needed, as are experimental studies manipulating the amount and type of counselling. Noticeably absent from published studies are cognitive or behavioural outcome measures. Given the suggestion that genetic risk information may be associated with a sense of fatalism, 72 this is an area deserving attention.
For multifactorial conditions, this is especially important. It may be that genetic information leads to risks being perceived as unmodifiable and to less adherence to behaviours that would lower health risks. This review suggests that testing protocols should include a pre-test assessment of emotional state so that post-test counselling can be targeted at those more distressed before testing. This conclusion is consistent with Almqvist et al's 68 international survey which indicated that 38.5% of those experiencing a catastrophic event after predictive testing had a prior psychiatric history. In view of this, it has also been argued that prior to testing, those with depression should be seen by a psychiatrist or a clinical psychologist with a view to treatment for the condition before testing occurs. 69 Much of predictive genetic testing is currently being offered within research programmes, with protections of ethical review, and protocols for extensive pre-and post-test counselling and follow-up, often staged over months. As genetic testing is diffused from this academic context into routine clinical practice, some of the protective factors associated with the research environment are likely to be reduced. 73 Higher rates of adverse consequences for those tested may occur. 69 We do not at present know how much or what type of information and support are required, or when counselling should be provided in relation to decisionmaking, test feedback, and follow-up. None of these studies experimentally manipulated the amount or type of counselling provided, making the relationship between counselling and emotional outcome unclear. There is a pressing need for experimental studies to address this question.
